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Descripti n 

This invention is direct d to an adjustabl flow 
regulator for use in an implantable drug delivery sys- 
tem for accurately controlling the flow rate of a drug. 
This invention is an improvement which relates to a 
compensating mechanism for an implantable pump. 
This device is used to deliver drugs at a very slow rate 
over a long period of time between subcutaneous re- 
fills. 

An implantable infusion pump of the prior art (US- 
A-3,731,681) utilizes the vapor pressure of a two 
stage gas to maintain a constant pressure on a drug 
flowing through a capillary tube in order to maintain 
a constant flow rate. This technique of flow control 
while simple and reliable is sensitive to outside vari- 
ables such as body temperature and atmospheric 
pressure. 

Another implantable pump system of the prior art 
(US-A-4,299,220 or WO-A-8 002 377) employs a reg- 
ulator to compensate for variations in pressure and 
temperature to provide a more accurate and uniform 
rate of drug delivery. This regulator employs a body 
having a shallow internal cavity and a flexible dia- 
phragm in the body which divides the cavity into two 
sections. An outlet from the second of the sections is 
centrally disposed in the wall of the cavity underlying 
the diaphragm. Flexing of the diaphragm in one direc- 
tion contacts an elastomeric sealing ring around the 
outlet and closes the fluid passage-way. The inlet of 
the regulator body is connected to the capillary flow 
line from a pressure actuated drug delivery device. 
The flow line includes a capillary restrictor upstream 
from the inlet to the second section. The capillary re- 
strictor is thus in series with the flow control valve 
which is formed by the outlet and the diaphragm. 
When the opposing forces on the diaphragm are sta- 
ble, the diaphragm is stationary. If there is a change 
in these forces, the diaphragm deflects either to close 
the valve when the pressure difference is negative in 
the second section or to open the valve if the pres- 
sure difference is positive in the second section. One 
of the difficulties in this system is the ability to adjust 
the position of the diaphragm in relation to the valve. 
Consequently, the device which is generally a fixed 
assembly provides a widely varying initial flow rate 
due to manufacturing tolerances and is impossible to 
normalize. 

It is an object of the invention to provide an im- 
plantable infusion system which can be adjusted and 
calibrated to insure that performance can be opti- 
mized to design specifications and patient require- 
ments. 

According to the present invention, there is pro- 
vided an implantable drug delivery system which cor- 
responds to the definition given in claim 1. 

The invention and advantages of th invention 
will becom more apparent from th following de- 



scription taken in conjunction with the accompanying 

drawings wherein: 

Fig. 1 is a schematic representation of the adjust- 
able flow regulator according to this invention 
5 when used in conjunction with a pressure actuat- 

ed rug delivery system; and 
Fig. 2 is a section view of the flow regulator as il- 
lustrated in Fig. 1 . 

The implantable drug delivery system of the 

10 present invention is illustrated schematically in Fig. 1 . 
It comprises an infusion pump 10 with a housing 12 
divided into a drug chamber 16 and a propeilant 
chamber 18 by means of a bellows or diaphragm 20. 
The infusion pump is implanted under the skin and 

is the drug chamber may be refilled hypodermically util- 
izing a penetrable resilient fill septum 24. The cham- 
ber 1 8 contains "Freon" having a vapor pressure such 
that, under conditions of normal body temperature, 
creates a pressure upon the bellows 20 to force a 

20 drug contained in the chamber 1 6 out through the dis- 
charge opening 26, through a filter 30, to an adjust- 
able flow rate regulator 28. The regulator incorporates 
a capillary type restrictor 38. 

Referring to Fig. 2, the flow regulator 28 compris- 

25 es a body formed by a top member 40 and a bottom 
member 42. The upper portion of the bottom member 
42 and the lower portion of the top member 40 form 
an interior cavity and have mating surfaces at their 
peripheries. The mating peripheral surfaces of the top 

30 member 40 and the bottom member 42 are assem- 
bled and fastened together by any convenient means 
such as screws, (not illustrated) welding or the like. A 
resilient diaphragm 44 is welded to an annular flange 
41 extending from the top member 40. The diaphragm 

35 is composed of a flexible but impervious material, 
such as titanium and is disposed in the cavity which 
the diaphragm divides into a lower section 46 and an 
upper section 48. The bottom member 42 has an inlet 
50 which communicates with section 46. An outlet 52 

40 communicates with section 48 and connects the reg- 
ulator to the catheter 34. 

Fluid from the drug chamber 16 flows through in- 
let 50 into the lower section 46. Fluid from the lower 
section 46 is delivered to the upper section 48 via duct 

45 51 and opening 54 which are interconnected to open- 
ing 56 and duct 53 via the restrictor 38. By this tech- 
nique then, fluid is delivered unrestricted to section 46 
and then through the restrictor 38 to section 48. Thus, 
the restrictor 38 communicates directly across the 

so diaphragm 44. 

The outlet 52 is welded to an adjustable fitting 58 
within top member 40. An O-ring 59 provides a seal 
in a recess of the fitting. The inner surface of the ad- 
justable fitting engages a sealed movable annular 

55 plate 60. The plate 60 has a flexible metallic seal 64 
welded at its periphery in a narrow recess in the top 
member 40 and has an O-ring valv 62 near its center. 
As can be appr ciated then, adjustment of th fitting 
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58, produces deflection in the plate 60 and O-ring 
valve 62. Adjustment is by means of an internal Castle 
nut 66. By rotation of the Castle nut 66, which bears 
on a flang 68 of the upper adjustable fitting 58, a 
downward pressure is exerted on plat 60andth O- 
ring valve 62 is urged towards the diaphragm 44. 
When the O-ring valve contacts the diaphragm the 
outlet 52 is thereby effectively sealed off. Adjustment 
from that sealed position is a function of movement of 
the Castle nut 66 so that a clearance exists between 
the O-ring valve and the surface of the diaphragm. By 
this technique, effective attenuation of the flow from 
section 48 to the outlet 52 can be established and 
maintained automatically by the varying forces on the 
diaphragm 44 due to changes in body temperature 
and atmospheric pressure. 

This technique also provides for adjustment dur- 
ing manufacture to insure that the device is properly 
calibrated. Without such adjustment, the operation of 
the device would be a function of manufacturing tol- 
erances which provide an inadequate basis by which 
to insure a predetermined regulated flow given the 
low volume flow rates. 

In operation, medication from the drug chamber 
16 is forced through the flow line 26 by the constant 
pressure exerted by the material in the chamber 18. 
The medication passing through the filter 30 is them 
delivered to the compensator through inlet 50. Medi- 
cation flows into lower section 46 and via opening 54 
into the restrictor 38. Then, it is delivered to the upper 
section 48 and through the outlet 52 into the catheter 
34. Given the fact that there is fluid in both sections 
46 and 48, opposing forces on the diaphragm gener- 
ally null the system so that the diaphragm tends to re- 
main stationery. 

If, however, there is a change in these forces, for 
example, as a result of a decrease in flow through the 
catheter 34 because of a higher atmospheric pres- 
sure, then the diaphragm 44 will be deflected down- 
ward, due to a build up of pressure in section 48, au- 
tomatically opening valve 62 increasing flow. If, on 
the other hand, the pressure in section 48 is reduced 
by a lowering a atmospheric pressure such as at a 
higher altitude, the diaphragm will be deflected up- 
ward toward O-ring valve 62 automatically closing the 
valve and reducing flow. Thus, the position of the dia- 
phragm, which is controlled by the pressure differen- 
tial between sections 46 and 48, effectively maintains 
a constant or near constant flow rate t hrough outlet 52 
to catheter 34. 

Given the fact that movement of the diaphragm 
44 to establish a flow rate from a fully seated no flow 
rate condition to the desired dosage level is very 
small, as discussed herein adjustability of the system 
is required. Thus, by using the Castle nut 66 and the 
adjustable diaphragm feature of movable plate 60 the 
initial distance between th O-ring 62 valve and the 
diaphragm 44 can b adjusted and set to giv proper 



flow rat . This is a considered to b a significant im- 
provement over prior art systems which do not allow 
for such adjustability. 
5 It is apparent that modification and variations of 

this invention may be made without departing from 
the essential scope thereof, as defined by the follow- 
ing claims. 

10 

Claims 

1. An implantable drug delivery system comprising 
a pressure actuated drug delivery device (10) 

is having a housing (12), a movable bellows (20) 

dividing said housing into a first chamber (16) 
containing a drug to be dispensed and a second 
chamber (18) containing a material exerting pres- 
sure on said bellows, means (24) for providing ac- 

20 cess to said first chamber for refilling it with a 

drug, a flow regulator (28) connected to said first 
chamber, said flow regulator comprising a body 
(40,42), an inlet (50) in said body communicating 
with said first chamber and an outlet (52) in said 

25 body communicating with a catheter (34), a cav- 

ity divided by a flexible diaphragm (44) to define 
a first section (46) and a second section (48) with 
one section being disposed on each side of said 
diaphragm, means establishing fluid communica- 

30 tion between said two sections, with the first sec- 
tion (46) being in fluid communication with said 
inlet (50) and with the second section (48) being 
in fluid communication with said outlet, charac- 
terized in that said outlet (52) is movable with re- 

35 spect to said body (40,42) and to said diaphragm 
(44), and in that means (66) are provided within 
the regulator (28) for moving said outlet with re- 
spect to said diaphragm for adjusting the flow 
rate through said outlet, whereby said flow regu- 

40 later is adjustable to be set at a predetermined 
rate. 

2. The drug delivery system of claim 1 further char- 
acterized by an adjustable fitting (58) sealed 

45 within said body and having a flange (68), said 

outlet connected to said adjustable fitting, a mov- 
able plate (60) coupled to said adjustable fitting 
and flexibly sealed at the periphery to said body 
allowing only movement substantially perpendic- 

50 ular to said diaphragm (44), said plate including 

an O-ring valve (62) engageable with said dia- 
phragm, and wherein said movement means 
comprises an adjusting nut (66) mounted in said 
body and contacting said flange on said adjust- 

55 able fitting, whereby movement of said nut posi- 

tions said fitting and said O-ring valve relative to 
said diaphragm. 

3. Thedrugdeliv ry system of claim 1, wherein said 
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diaphragm (44) is of a resilient mat rial mounted 
in said body, said diaphragm being movable in re- 
sponse to a pr ssur differ ntial betw en said 
first section (46) and said second s ction (48). 

4. The drug delivery system of claim 2 further com- 
prising a flexible metallic seal (64) mounted to the 
periphery of said movable plate (60) and to said 
body, said seal being movable in response to 
movement of said adjusting nut (66) to maintain 
a seal in the other of said sections. 

5. Thedrug delivery system of claim 1, whereinsaid 
regulator body comprises a bottom member (42) 
having said inlet (50) and a recessed portion de- 
fining said first section (46), and a top member 
(40) having said outlet (52) and restrictor means 
(38) for providing fluid communication between 
said sections, and means for joining said bottom 
member and said top member together in a 
sealed manner. 

6. The drug delivery system of claim 5, wherein said 
top member (40) includes an annular flange (41) 
with said diaphragm being mounted on said 
flange. 



Patentansprtiche 

1. Implantierbares Arzneimittelverabreichungssy- 
stem, umfassend eine druckbetatigte Arzneimit- 
telverabreichungsvorrichtung (10) mit einem Ge- 
hause (12), einem beweglichen Balg (20), der das 
besagte Gehause unterteilt in eine erste Kammer 
(16), die ein zu verabreichendes Arzneimittel ent- 
halt, und eine zweite Kammer (18), die ein Mate- 
rial enthalt, das einen Druck auf den besagten 
Balg ausubt, Mittel (24) zum Schaffen eines Zu- 
gangs zu der besagten ersten Kammer, urn sie 
wieder mit einem Arzneimittel aufzufullen, einen 
mit der besagten ersten Kammer verbundenen 
DurchfluBmengenregler (28), wobei der besagte 
DurchfluBmengenregler umfaBt: einen Korper 
(40, 42), einen mit der besagten ersten Kammer 
verbundenen EinlaR (50) in dem besagten Korper 
und einen mit einem Katheter (34) verbundenen 
AuslafA (52) in dem besagten Korper, eine Aus- 
nehmung, die zur Abgrenzung eines ersten Ab- 
schnitts (46) und eines zweiten Abschnitts (48) 
von einer flexiblen Membran (44) unterteilt wird, 
wobei ein Abschnitt auf jeder Seite der besagten 
Membran angeordnet ist, Mittel, die eine Fluidver- 
bindung zwischen den besagten zwei Abschnit- 
ten etablieren, wobei der erste Abschnitt (46) in 
Fluidverbindung mit dem besagten EinlaB (50) 
stent, und wobei der zweite Abschnitt (48) in Flu- 
idverbindung mit dem b sagt n AuslaB steht, da- 



durch gekennzeichn t, daft der besagte AuslaB 
(52) in Bezug zu dem besagten K6rper (40, 42) 
und der besagten Membran (44) b wegbar ist, 

5 und daft Mittel (66) innerhalb des R glers (28) 

vorg sehen sind, urn den besagten AuslaB in Be- 
zug zu der besagten Membran zu bewegen, um 
die Durchf luBrate durch den besagten AuslaB zu 
verstellen, wodurch der besagte DurchfluBmen- 

10 genregler verstellbar ist, so daB er bei einer vor- 
bestimmten Rate eingestellt werden kann. 

2. Arzneimittelverabreichungssystem nach An- 
spruch 1 , weitergekennzeichnet durch einen ver- 

15 stellbaren AnschluS (58), der innerhalb des be- 

sagten Korpers abgedichtet ist, und einen 
Flansch (68) aufweist, wobei der besagte AuslaB 
mit dem besagten verstellbaren AnschluB ver- 
bunden ist, eine bewegliche Platte (60), die mit 

20 dem besagten verstellbaren AnschluB verbunden 

und flexibel am Umfang dicht mit dem besagten 
Korper verbunden ist, so daB nureine Bewegung 
im wesentlichen senkrecht zu der besagten Mem- 
bran (44) moglich ist, wobei die besagte Platte ein 

25 O-Ringventil (62) einschlieBt, das mit der besag- 

ten Membran in Eingriff treten kann, und bei wel- 
chem die besagte Bewegungsvorrichtung eine 
Verstellmutter (66) umfaBt, die in dem besagten 
Korper angebracht ist und den besagten Flansch 

30 auf dem besagten verstellbaren AnschluB be- 

riihrt, wodurch eine Bewegung der besagten Mut- 
ter den besagten AnschluB und das besagte O- 
Ringventil relativzu der besagten Membran posi- 
tionieren. 

35 

3. Arzneimittelverabreichungssystem nach An- 
spruch 1 , bei welchem die besagte Membran (44) 
aus einem elastischen Material besteht, das in 
dem besagten Korper angebracht ist, wobei die 

40 besagte Membran als Reaktion auf eine Druck- 

differenz zwischen dem besagten ersten Ab- 
schnitt (46) und dem besagten zweiten Abschnitt 
(48) beweglich ist. 

45 4. Arzneimittelverabreichungssystem nach An- 
spruch 2, waiter umfassend eine am Umfang der 
besagten beweglichen Platte (60) und an dem be- 
sagten Korper angebrachte flexible metallische 
Dichtung (64), wobei die besagte Dichtung als 

so Reaktion auf eine Bewegung der besagten Ver- 

stellmutter (66) beweglich ist, um eine Abdich- 
tung in dem anderen der besagten Abschnitte 
aufrechtzuerhalten. 

55 5. Arzneimittelverabreichungssystem nach An- 
spruch 1 , bei welchem der besagte Reglerkorper 
umfaBt: ein Unterteil (42) mit dem besagten Ein- 
laB(50)und inemmit iner Ausnehmung v rse- 
henenT II, w Ich den besagten rsten Abschnitt 
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(46) bildet, sowie ein Oberteil (40) mit dem be- 
sagten AuslaS (52) und einer Drosselvorrichtung 
(38), um in Fluidverbindung zwischen den be- 
sagten Abschnitt n bereitzustellen, und Mittel, 
um das besagte Unterteil und das besagte Ober- 
teil in einer abgedichteten Weise miteinander zu 
verbinden. 

6. Arzneimittelverabreichungssystem nach An- 
spruch 5, bei welchem das besagte Oberteil (40) 
einen ringformigen Flansch (41) einschlieRt, wo- 
bei die besagte Membran auf dem besagten 
Flansch angebracht ist. 



Revendications 

1 . Systeme implantable de distribution d'un medica- 
ment comportant un disposit'rf (1 0) de distribution 
de medicament actionne par pression ayant une 
enceinte (12), un soufflet mobile (20) divise dans 
ladite enceinte en une premiere chambre (16) 
contenant un medicament devant etre distribue et 
une seconde chambre (18) contenant une matie- 
re exergant une pression sur ledit soufflet, un 
moyen (24) pour etablir un acces a ladite premie- 
re chambre pour qu'elle soit rechargee d'un me- 
dicament, un regulateur (28) d'ecoulement rac- 
corde a ladite premiere chambre, ledit regulateur 
d'ecoulement comportant un corps (40, 42), une 
entree (50) dans ledit corps communiquant avec 
ladite premiere chambre et une sortie (52) dans 
ledit corps communiquant avec un catheter (34), 
une cavite divis6e par un diaphragme flexible 
(44) pour def inir une premiere section (46) et une 
seconde section (48), une section etant disposee 
sur chaque cote dudit diaphgrame, des moyens 
etablissant une communication de fluide entre 
lesdites deux sections, la premiere section (46) 
6tant en communication de fluide avec ladite en- 
tree (50) et la seconde section (48) etant en 
communication de fluide avec ladite sortie, ca- 
ract6ris6 en ce que ladite sortie (52) est mobile 
par rapport audit corps (40, 42) et audit diaphrag- 
me (44), et en ce que des moyens (66) sont pr6- 
vus a I'interieur du regulateur (28) pour deplacer 
ladite sortie par rapport audit diaphragme af in de 
r6gler le debit d'ecoulement a travers ladite sor- 
tie, grace a quoi ledit regulateur d'ecoulement est 
reglable pour etre positionne a un debit predeter- 
mine. 



bleetmonteed facon flexible et etanch a la pe- 
ripheric dudit corps, ne permettant qu'un mouve- 
ment sensiblem nt perpendiculaire audit dia- 

5 phragme (44), ladite plaque comprenant un cla- 

pet (62) a bague torique pouvant etr ngage 
avec ledit diaphragme, lesdits moyens de d6pla- 
cement comprenant un ecrou (66) de reglage 
monte dans ledit corps et en contact avec ladite 

io bride sur ledit raccord reglable, de maniere qu'un 

mouvement dudit ecrou positionne ledit raccord 
et ledit clapet a bague torique par rapport audit 
diaphragme. 

15 3. Syst6me de distribution de medicament selon la 
revendication 1, dans lequel ledit diaphragme 
(44) est en une matiere eiastique montee dans le- 
dit corps, ledit diaphragme etant mobile en r6pon- 
se a une difference de pression entre ladite pre- 

20 miere section (46) et ladite seconde section (48). 

4. Systeme de distribution de medicament selon la 
revendication 2, comportant en outre un joint m6- 
tallique flexible (64) d'etancheite monte sur la p6- 

25 ripherie de ladite plaque mobile (60) et sur ledit 
corps, ledit joint d'etancheite etant mobile en r6- 
ponse a un mouvement dudit ecrou (66) de regla- 
ge pour maintenir un joint d'etancheite dans I'au- 
tre desdites sections. 

30 

5. Systeme de distribution de medicament selon la 
revendication 1 , dans lequel ledit corps du regu- 
lateur comporte un element de fond (42) ayant la- 
dite entree (50) et une partie 6vid6e definissant 

35 ladite premiere section (46), et un element de 
dessus (40) ayant ladite sortie (52) et un moyen 
d'etranglement (38) pour etablir une communica- 
tion de fluide entre lesdites sections, et des 
moyens pour joindre entre eux ledit element de 

40 fond et ledit element de dessus de maniere etan- 
che. 

6. Systeme de distribution de medicament selon la 
revendication 5, dans lequel ledit element de des- 

45 sus (40) comprend un rebord annulaire (41 ), ledit 
diaphragme etant monte sur ledit rebord. 



50 



2. Systeme de distribution de medicament selon la 
revendication 1 , caract6ris6 en outre par un rac- 55 
cord reglable (58) monte de facon etanche dans 
ledit corps et ayant une bride (68), ladite sortie 
etant reliee audit raccord reglable, une plaque 
mobil (60) etant accoupie audit raccord r6gla- 
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